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ON THE RELAXED STATE OF ACCOMMODATION

[Article by H. Schober: "on the Relaxed State of Accommodation'; city of
publication unknown, Optik (optics), German, Volume 11, No. 6, 1954, pp.
282-290]*%

It was 98 years ago that H. von Helmholtz, in his basic work which
appeared in the first issue of Graefee Archiv fir Ophthalmologie (Graefe's
Archives of Ophthalmology), set down the concepts which, despite many at-
tacks upon them, are still accepted today. In his well-founded opinion, all
the processes leading to accommodation occur exclusively in the ciliary-
body/zonular-fibers/lens system, which operates as a mechanically elagtic
unit. The lens of the eye, or its capsule, is an elastic body which will
revert to nearly spherical form if free of outside influences. This is pre-
vented, however, by the pull of the zonular fibers, which are firmly at-
tached to the outer edge of the capsule and csause an oblation of the lens.
The elastic pull of the zonular fibers is always present unless a contrac-
tion of the ciliary muscle changes this condition and thereby permits the
lens to assume a more highly curved form. The ciliary muscle therefore
acts as the only "living member' of the system; the other two members (zonu-
lar fiber and lens) are merely affected by the change in the physical rela-
tionships. Since in the doctrine of physiology contraction of a muscle is
normally the result of active effort and the release of the muscle is the
relaxed state, it is generally accepted on the basis of Helmholtz's precepts
that the adjustment of the eye to distant points [far point] (extended cili-
ary muscle, relaxed zonular fibers, flat lens) must represent the relaxed
state, while the accommodation of the eye to near points [near point] (con-
tracted ciliary muscles, convex lens) must represent the active state of
accommodation.

However, the conclusion. from Helmholtz's observations just described
is not very compelling. It does not show the actual relationships, as will
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e shown below. The sctual relaxed state of sccommodation must in all
probability be somewhere between the far point and the near point (with
the eye adjusted to a distance of about one meter). This realization is
of extraordinary theoretical and practical significance. It is not to be
ignored either in physiologico—optical studies or in the construction of
optical instruments.

Anatomico-Neurological Tndications of the Actual Relaxed State of Accommo~
dation

Viewed anatomically, the ciliary muscle is a "smooth muscle." This
type of muscle (e.g. intestinal muscle, blood-vessel walls), as opposed to
the cross-striated skeletal musculature, is not induced to contract by the
fipbers of a given motor nerve. Its greater or lesser state of contraction
is brought about by a change in the palance between the contracting (para-
sympathetic) and the relaxing (sympathetic) fibers of the autonomous nerv-
ous system. For this reason, for the amooth muscles there is no real state
of rest, -- or, if there is one, it is at least not represented by the
state of maximal contraction or expansion., For a long time it has been be-
lieved that the ciliary muscle was an exception in this respect, because
only the contracting fibers of the parasympathetic oculomotor nerve were
known, and it was pelieved that the ciliary muscle differed from all other
smooth muscles in that it could be contracted at will.

In the past few yecars, however, this precept has been set aside in
the field of innervation, particularly as & result of detailed histological
studies by Meesmann. The ciliary muscle actually consists of a very high-
1y developed system of fibers. The old division of the ciliary muscle into
fibers running meridionally (Briicke's muscles), radially (Ivanov's muscles),
snd circularly (Miller's muscles) does not stand the test of precise criti-
cism; the musculature is a much more tightly woven system, which can only
be regarded as & uit. That orthosympathetic nerve fibers from the cervical
sympathetic nerve extend to the ciliary muscle as well as the parasympathet—
ic nerve fibers from the oculomotor nerve is of particular significance.
Contrary to previous conceptions, then, the ciliary muscle, 1ike all other
smooth muscles, is controlled by both types of autonomous nerve fibers.
Therefore no other behavior is to be expected of it than that observed in
the other smooth muscles. Just as is the case with the other smooth nmuscles,
it should have no definitely determinable relaxed state, or at least the
state of full extension is not to be regarded as the relaxed state.

The only difference remaining between it and the other smooth mus-—
cles that is often encountered is thus the possibility of voluntarily in-
fluencing the state of contraction. But this very possibility has always
been very problematical. The stimulus for accommodation is inseparable from
the stimulus for convergence. Any convergence impulse deriving from an ob-
ject in sight carries with it an accommodation impulse. The voluntary
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control of convergence, however, presents no prdhlems from the viewpoint
of physioclogy, since the movement of the eye is controlled by striated
muscles of the same type as the skeletal musculature, and can therefore
be affected by an act of will. To stimulate convergence it is sufficient
to imagine a point within the field of vision and wish to fix on that
point. At the same time, because of the unconscious connection between
convergence and accommodation, accommodation also occurs.

Meesmann's anatomical findings are confirmed by several clinical
observations. In the inactivation of the cervical sympathetic nerve (Horn-
er's syndrome), besides the contrattion of the pupil there are difficul-
ties in adjustment of the eye for distance. The contrary case is to be
found in hyperactivity of the orthosympathetic nerve (as in certain forms
of Basedow's disease), where difficulties in near-point accommodation occur
simultaneously with dilation of the pupil. It can thus be seen that the
far-point accommodation as well as the near-point accommodation is stimu-
lated by the autonomous nervous system, the former being brought sbout by
a preponderance of the orthosympathetic and the latter by a preponderance
of the parasympathetic element.

The observations of the pharmacological effects of certain nerve
poisons also point in the same direction. Thus the parasympathetic stimu-
lants or orthosympathetic depressants (such as pilocarpineéﬁdthe ergot de-
rivatives) normally lead to difficulties in far-point accommodation, while
poisons that either suppress the parasympathetic nerves or stimulate the
orthosympathetic ones (such as atropine or cocaine) have an adverse effect
on the near-point accommodstion. If the autonomous nervous system is
largely cut off by certain drugs (as by an overdose of sulfonamides), it is
not rare that the state of accommodation becomes fixed at a distance of
about 0.5 meter. The eye then behaves like that of a full presbyopic who
is at the seme time afflicted with myopia to about 2 diopters.

Physiologico-Optical Studies of the Relaxed State of Accommodation
A. Adjustment of Optical Instruments

The observabtion is often made that in the adjustment of optical
instruments, if free movement of the ocular is permitted myopic values
are often favored. BEspecially young and inexperienced observers shift the
oculars to values one or more diopters less than the refraction state
measured for their unaided eyes. This condition also causes the difference
in the position of the maximum in the statistical distribution of the
state of refraction if the study is made first with the unaided eye and
then by means of the position of adjustment of a telescope.
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On observations with the unassisted eye the comprehensive works
of Steiger’? and Betsch" state that the freguency maximum of the refraction
state is approximately +0.5 diopter. In the case of optical adjustment
of telescopes, however, during the last war the author's observations of
& large number of seamen agreed quite well with the relevant experiences
of optical firms in that the maximum frequency lay not at # 0.5 diopters
but rather at about - 1.0.5 Thus between observations dealing with the
unassisted eye and those dealing with the adjustments of optical instru-
ments there is g gap of about 1.5 diopters. This differential can be~§§ihh
plained without difficulty if we consider that the maximum frequency for
vision pfafiIgS‘iS nd?ﬁally determined by using an eye chart at s distance
of from 6 to 7 meters, thus automatically requiring the eye to adjust for
distance, while with telescopic observations changes in accomodation can
largely be compensated for by moving the optics. Thus the»ob@eyvationg_
with the unassisted eye pre-determine a certain state of accommodation from
the beginning, while the adjustment of optical instruments permits the
choice of the most suitable position of accommodation. If, however, this
does not coincide with what is to be expected from the anatomical and
clinical_observations.—-the far point, or maximsl extension of the cili-
ary muscle — that means thsat the far point does not represent th?,rﬁéﬁﬁﬁd
state of:ﬁ@ﬁamﬁbaé%ioﬁfflThéuiélesébpic studies agree pfeciselfwwifh the
clinical experience to the effect that the relaxed state of .accommodation

is to Pe féund between the far point and the near point. The honor of being

thé‘fing to recognize thig condition and its significance must be accorded
to Kiihl.% ‘

Diopters

Far Point
Near Point
Relaxed State of Ao~
commodation
Age
Figure 1. Dependence of, #he Position of Far and Neéar Points

on Age according to Donders ‘and the Probat le Re|axed State of
Accommodation from +he Dioptrometer

In the past few years the accuracy of the assertions just made
hag been confirmed, particularly by TLau’ and Miitze 8 with the dioptro-
metersAthquQQYngped. In these instruments, virtual strip pictures
whose Rrosition in the room can be changed by the movement of two paral-

1 _ Ll. —
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lel grates. Tf clear-gighteq observers are Permitted to adjust the strip
Plcture for greatest clarity, we find that this does notfggcu;vat the
near point or far point, but rather at some Position ‘between the  two.
(See Figure 1.) The younger the observer, the easier he cagn aceommodate,
and therefore, the closer the point of highest clarity of the strip pic~
ture approaches. ILay writes of this: "op the basis of the first trialsg
it is expected that the ey@accoﬁﬁedefeeto 8 given distance in studies
with thig instrument, The adjusted value corresponds to an accommodation
of the eye where the forces of the ciliary muscle ang the lens tension
equateJM This equation ig Primarily dependant on the elasticity of the
lens, ‘and thérefore changes with(iﬁcfeaéing age."

b. Night Myopia

inates over a1l other influences_in this Phenomenonl!® gng can be shown

in the behavior of the Purkinje-Samson mirror images in the eyelglr Ac-
cording to the works of Otero, Duran, and Palaciogl2 the accommoaetion
range decreases with decreasing adaptation light density. At “adapta~
tion  light densities less than 0.02 (full moon illumination) the young
eye no longer hasg any capacity for accomodation (Figure 2). TFor the clegr-
sighted the accomodation is thep set at -2 dioptere. The ides ofweceepf>i
ting this Position as the relaxed state of accommodation isfgbpealinéabei
cause due to the limited acculty of wvision and the limitegd number of light
stimulii in the field orf sight'there should be no'causes for active ac-~

from night myopia also agrees well with the value derived from the pre-
viously describeg studies.
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Figure 2. Range of Accommodation as a Function of the Light Den-
Sity in the Field of Vision -
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¢. Negative Accommodation

If the adjustment of the eye to the far point does not coincide
with the relaxed state of accommodation, and is instead representative
of an active process of accommodation, systematic studies must bring™
o light some evidence for the existence of negative accommodabion of

this type. This has, in fact, occurred. Tt has long been known that
hyperopic persons show g sﬁégffid’régfméééomﬁ65étion. By using certain
aids, such as the simultaneous use of = parasympathetic depressant and
orthosympathetic stimulant drugs, eg. atropine and cocaine, a far sharp-
.er "relaxation of accommodation" can be reached than can be attainad by
using only one such drug. It is also known that such persong often ob-
Ject to a fU1l-COTTeCtiQnylgns of this type, saying that they can see better
with weaker glasses. On the other hand, through systematic training of

the sympayhgticisystem, many near-sighted people can:attain an ‘improvement
in their pefraction correction without g corresponding correcting f;;ib

Y. LeGrand!3 was able to show a short while ago that such training jé;glv
so possible with the clear-sighted and far-sighted. If they are encour-
aged to look into the distance "with wide open puptls and wide open eyes"

a far greater positive correction will be noted than they would otherwise
be capable of. Morgan!' found that the eye of a cat can be brought from
its refraction position of -0.5 diopters to +4 diopters in the direction

of far-sight through the stimulation of its orthosympathetic cerviecal gang-
lia. Cutting the barasympathetic fibers similarly causes a change in the
refraction index from 0.5 to +3.5 diopters. If later the orthosympathetic
cervical ganglia are also destroyed, the state of refraction then returns
to the normal value of ~-0.5. According to Finchamls, the negative accom-
modation can also be supported by corresponding simultaneous lessening

of the convergence tension. The state of refraction of most humans is
moved into the hyperopic values when they are encouraged to look through
diverging prisms.

d. The Dependence of Clarity of Vision on Distance

Aubert and FSrster!® have already shown that for certain people
the measurements of clarity of vision at different distances do not lead
to the same results. In general, vision is sharper for near objects than
for distant ones. Boumal7? determined some years ago that the optimal
distance for sharpness of vision is about 2 to 3 m. (See Figure 3.) At
both shorter and greater distances to the object of vision, the sharpness
is noticeably decreased. '
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Figure 3: Clarity of Vision as a Function of Distance from the
Ob ject ] [ Bouma]

Relative Clarity

of Vision:

Distance in cim.

e. The significance of the Individual Portions of Objective Space for
Sight

The normal methods of determining sight give a false picture of
the actual significance of the individual portions of objective Space in
vision. Normally objects lying in the area from 0.5 to 2 meters from the -
eye are of greater importance than those nearer and further, since they
must be noted add dealt with specifically in movement and in subconscious
actions. The necessity of:best vision in the distance is only present in
certain tasks. From this it can be seen that even reletively near-sighted
people (up to about -2 diopters) are not disturbed by their handicap in
leading normal lives. They notice their nearsightedness mostly in the
movies, when they must accommodate to the distant screen, or when they
are engaged in certain occupations, as in sailing or driving an automobile,
ete. Objects lying within ‘1 meter of the eye are solely important for

occupational reason, or in reading writing, etc.

' The observations of Helmholz on the form of the true_@g;pptng;SA

+ agree rather well with the significance described above for the individ-
ual portions ofjobjecﬁive space in vision. He found that the true horop-
ter consists of a steep cone whose base is formed of & Vieth-Miiller circle
contained by the horizontal plane of the eye of the observer and whose
point lies on the ground at ‘a distance of about one meter. He seces a very
practical arrangement in :this, since the evaluation of the relief, that

is, the unevenness of the footing, is greatly simplified by this.
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modation lies Precisely between the far-point and the near-point of the
individual observer. This is significant for various reasons.

is always the possibility that, due to'inauspicious circumstances, this
effort is artificially increased and thereby the state of refraction may
Therefore, the 0ld rule of refraction "the strongest
~ bositive and the weakest negative correction" is only relative and has no
abaolute “significance. There is always the danger that due to a number
of inaQSPiéious'circumstances — that 1is, those that eéncourage negative
accommodation — the positive correction will be too strong. In optical
__instruments with freely adjustable optics, it should be noteq that adjust-
ment fbf“théufrhé"felaXéd State of accommodation is much easier here than
with the unassisted eye methods, and therefore that limited negative ad-
Justments from the zero adjustment .or the positive adjustment are to be
preferred,

Summary

The‘bféﬁioqgﬁviewfthat the far-point adjustment of the eye corre~
sponds’ to the relaxeq state of accommodation no longer agrees with the
findings of anatomy, histelogy, ang optometry. The ciliary muscle consists
of smooth muscle fibers which are controlled by both barasympathetic and

orthosympathetic nerves. The adjustment of accommodation ¢an only be con-

the values of refraction measured for unassisted eyes, the studies uéihé
dioptrometers, the findings in night myopia, and the existence of g neg-
ative accommodation, the position of maximum visual acuity, and the form
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Practical Significance of the Relaxed State of Accommodation.

According to the anatomico-higstological and physiologicojggtical
considerations just described, the relaxed state of accommodation ddéé;;pﬁ
coincide with the far-point adjustment. Tt is attained, rather5‘5§~the
adjustment of the eye for objective points that lie between the near-point

and the far-point, as can be seen from the table.

Probablé‘ﬁéi%#ed Position of Accommodation Derived from Various Methods

Method of Study Probable Relaxed Position of Accommodation
in meters in diopters

Histology of the None None, at most

Ciliary Body the average

betweenwnééf:§5iht‘
and far-point  ~

Difference be- Approx. 0,67 Approx. 1.5
tween adjustment

of optical in-

struments and

refraction de-

terminationipf

the unassisted

eye
Dioptrometer k 'BgﬁwgenmgearJuh""'Average of near-
point and far- point and far-
- point point
Night Myopia Approx. 0.5 Approx. 2
Maximum €larity Approx. 2 Approx. 0.5
of vision
Horopter Approx. 1 Approx. 1

If we consider that the accommodation capacities of the individual
observer. show an extreme dependence on age, and also that the effect of
geometrico-optical and of chromatic aberrations”déﬁmreach'O.TSIdiopters,
an impressive agreement can be seen from the various methods of study de-
scribed. In fact, it appears that the actual relaxed position of accom-
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